> 

- T mterpretation of the crack-initiation and crack-growth stages of 
failure is presented. Those aspects of the failure process that are 
relatively well understood are described in some detail, and current 
deficiencies in knowledge are emphasized. 

!)b 144807k Slow crack growth in hot-pressed silicon nitride. 
Quinn, George I).; Quinn. Janet B. (Army Mater. Mech. Res. ('em., 
Watertown, MA 02172 USA). Fruit. Mech. Ceram. 198.4, *jT>, 603-46 
(Kng). A variety of tests was employed to obtain slow crack growth 
parameters for NO 132 hut-pressed SiuN*. Stress rupture in 4-point 
bending expis. were conducted in air at 1000, 1100, 1200, and 1300° 
for >1000 h. Addnl. stress rupture expts. were conducted with 
samples contg. artificial flaws introduced via Knoop indentation. 
Double torsion testing was conducted at 1200 and 1300°. Results 
from these expts. are discussed relative to each other and to the 
published literature. 

09: 144808m Inhibition of anatase-rutile transformation due 
to niobium oxide addition: the relation between the solid 

solution formation and the inhibitory effect of Nb?0 5 . Hishita, 
Shunichi; Koumolo, Kunihito; Yanagida, Hiroaki (Fac. Kng., IJniv. 
Tokyo, 'Tokyo, Japan 113). Yogyo Kyohaishi 1983, 9119), 399-404 
(Japan). The relation between Nhjfk solid soln. formation in 
anata.se and tin: inhibitory effect of Nb_*0:, on the aimta.se -rutile 
transformation were studied. It was suggested that at 700° NbvOr, 
forms a substitutional solid soln. at <0.4 mol%, mid an interstitial 
one at >0.6 mol%. The inhibitory mechanism of the transformation 
by NLigOfi was explained in terms of the solid soln. types. The 
formation of a substitutional solid soln. decreases the ennen. of 0 
vacancies which act as the nucleation sites for the rutile phase, and 
the formation of an interstitial soln. hinders the movement of Ti 4+ 
ft, f or rearrangem ent. _____ 

4'Jli)fiFW^)>cWd7i I i c 6 n nitric! 
oxides us sintering additives. Ueno. 

(Gov. Ind. Res. Inst., Ikeda, Japan 563). 

91(9), 409-14 (Japan). The effects of addn. of various lanthanide jjj 
oxides and their mixts. with YzOs on the sintering of S 13 N 4 were^ 
j i investigated. The addn. of simple and mixed lanthanide oxides.;?) 
\.j promoted the densification of SiaNj in hot-pressing at 1800° and 
! 300-400 kg/cm 2 for 60 min. The crystn. of Y- and lanthanide-Siw 

1 1 oxynitrides which was obsd. in the sintered body contg. Y~Iant hankie 
b mixed oxides as additives led to the forniuiion of a highly refructory|-| 
!i SiiNi ceramic having bending strength of 82 and 84 kg/inm 2 at mom, 
j' temp, and 1300°, resp. In the Y2O3 + Lfl20:» system, a higher molar 
i ratio of LajO.* to Y 2 O .1 gave a higher hardness and strength at high!/ 
temps. r Phe optimum sintering time for the highest strength was 90 !j 

$****[) SflTftfil f f ome 11 ' p r!7 per luVSr an c I ^ i Tf to r ing^of ca lei um J py 
phosphate powders obtained by pyrolysis of dibasic calcium a 
phosphate dihydrate. Kanazawa, Taknfumi; Nagai, Masayuki; 
Hushikawn, Jun (Fac. 'I'echnol., Tokyo Metrop. Univ., Tokyo, Japan 
158). V'ogyu Kyokaishi 1983, 91(9), 415-20 (Japan). Some 

properties and sinterability of CaiT'O/ powders obtained by pyrolysis 
of reagent grade CaHPO-i.SIfsO were examd. The samples lost water 
of crystn. and then dehydration -condensation occurred, while they 
still retained their original shapes. Tlw» heated samples consisted of 
agglomerated primary particles, which were comprised of smaller 
crystallites. The change in properties of powders during heat 
treatment was explained in terms of rearrangement and growth of 
crystallites and neck growth between primary particles. 'The d. of 
compacts increased in proportion to logarithm of pressure below a 
certain pressure, but it increased irregularly above this pleasure with 
a smaller slope. 'Hie d. of compacts and its pressure dependence 
were exarnd. on the basis of 3 different types of void spaces during 
pressure treatment. Among the C& 2 P 2 O 1 powders obtained at various 
temps., those heated at 400-600° sintered to highest d. 

99: 14481 lg Data file on borides. Kostyunin, B. N.; Molchanov, 
A. S. (USSR). Vysokoternperatur . Bor id y i Silitsidy\ Kieu 1982, 
139-44 (Russ). From Ref. Zh., Fiz. ( A-U ) 1983, Ahsir. No. 8E8. 
Title only translated. 

99: 1 448 1 2h Synthesis of wollastonile at low temperature. 
Possibilities for its use in ceramic bodies. Fekeldzhiev, G.; 
Andreeva, V. (Inst. Glass Fine Ceram., 1618 Sofia, Bulg.). Mater. 
Sci. Monugr 1983, 16(Ceram. Powders), 89-96 (Eng). Direct 
solid-state synthesis of d-wollastonile was achieved at low-temp, 
using high-reactivity raw silicite and mineralizers such as NazCOa, 
Ntt'.'SiOa, NaCl, and Na.Si.K Diffusion intensifying methods such as 
fine grinding of the raw materials was not necessary. The initial 
components of the batch, i.e., CaO, silicite, and mineralizers were 
mixed with water in a ratio 1:1:3. After a short period of time the 
suspension was placed in a mill, ground, and homogenized for about 
10 h. After drying the body to ~7-8‘/k moisture content it was 
thermally treated with final heating at 1040-1120°. The properties 
and use of the synthetic wollastonile in porcelain prepn. are 
described. 

99: 144813J Smoke staining of hard porcelain. Hogg, C. S. 
(English China Clays PI/\ St. Austell, UK). InterCeram 1983, 
32(3), 22-5 (Kng). Smoke staining of slip-cast red n. fired bard 
porcelain is asiocd. with the presence of Nn*»SOj, which ••ncoiiragcs 
the deposition of C. The C may be preferentially deposited on 
surfuces activated by burning off sulfate in the biscuit fire. BaCOa 
and org. defloceulants such as Dispex [9003-04-7] or Dolaflux B 
[32932-33-9] may be used to ppt. the sulfates, and the addn. of 
glucose may also prevent smoke staining, but only in the absence of 
Na.;COa The NtiaCOa run induce smoke staining by reacting with 
(he. CnSOt mold tv» form the N 112 SO 4 Some defioccuinnt* may 
contain NnvGO. as a component. 


erwi’t h^vari 6 us lanthamdcp* 
Kazuo; Tnihana, YasuoBj 
Yoityo K yd k a ish i 1983, M 


99: 144814k Phase composition and properties of bone ash^ 
Isrnatov, A. A.; Azimov, Sh. Yu.; Muslirnova. Sh. N.; Turaev, K. M. 
(Tashkent. Politekh. Inst., Tashkent, USSR). t/zb. Khim. Zh. 1983, 
(II, 50-3 (Russ). The chem. and phase eompn., high-temp, 
transformations, and cliem. stability of bone ashes from different, 
livestock were field. with respect to the development of P-conig. 
porcelain. The bones were freed from fat by boiling in a NajCCXi 
soln. and heated at 1173-1673 K. All the ashes heated at >1273 K 
contained CaafPCLkiF as the only cryst. phase. All impurities (K, Na, 
Mg, Fe, Al, Ti, Si, and S) were incorporated into the lattice of 
Cn^PCLbF. 


99: 144815m Replacement of cobalt monoxide and nickel monoxide 
in ground coat enamels for steels. Popov, K. (Bulg.). Stroit. 
Mater. Silik. Prum-st. 1983, 24(6), 24-7 (Bulg). 'The possibility of 
patfial or total substitution of CoO and NiO by CuO, CdO, PbO, 
FC 2 O 3 , and M 11 O 2 in ground coat enamels for steel contg. SiO.* 


38.65-51.05. AI 2 O 3 2.84-4.00, B-O:. 17.81-19.50. Na>0 15.80-18.61, 
K*0 2.50-3.20, CaO 1.50-5.97, CaFs 4.20 803. BaO 0-3.15. NiO 
1.20-2.22, CoO 0.60-0.70, and MnO-. 0-0.407, was studied. The 
substitution of NiO by Cuf), PbO, arid MnO.* did not deteriorate the 
adhesion and other properties of the enamels 'The substitution of 
CaO by CuO in the enamels decreased their adhesion to steel, hut 
did not affect other properties, while CdO bad a neg. effect on 
enailiel proper! ies. 

99: I448l6n Correction possibilities of vitreous routings by 
transition elements. Ideas on the effect of low additions of 
doping agents on glass structure and properties of glazes. 
Ravaglioli, A.; Krajewski, A. (Inst. 'Tech. Res. Ceram., CNR, 
Florence, Italy). InterCeram 1983, 32(3), 26-9 (Eng). Transition 
metal oxides introduced into vitreous enamels and glazes as coloring 
agents affect the adhesion as well as phys. parameters such as 
electrochem. balance, surface tension, coeff. of expansion, and 
modulus of elasticity. "Tests show that small add ns. of oxides with 
rations which are network modifiers increase the diffusion from the 
support to the glaze. This is related to the electrochem. balance of a 
concn. cell formed by the glaze and its cationic content. 'The effects 
of addn. of CuO, PbO, Co^O.i, M n-_>0:i, Cr>()n, MnO:>, CoO, FeuOa, NiO, 


and CdO are discussed. 

99: 14 4817p Corrosion problems of ceramic glazes. Ruf, Haraid; 
Sadcwasser, Juergen (Inst. Bau- Grobkeram. Weimar, Weimar, Ger. 
Dem. Rep.). Baustoff Industrie 1983, 26(3), 90-2 (Gen. Colorant 
oxides in ceramic glazes were more susceptible to acid attack th/m 
the colorant spinels or colored frits. Alkali Attack followed by acid 
attack increased the corrosion, and matte glazes were more susceptible 
limn glossy ones. 

'* 99: )448l8q Improved enamels for chemical plant. Partridge, 
G. (Vitreous Knatnels Ltd., Warrington/Lancs., UK WA4 INI.). 
Vitreous Enatneller 1983, 34(2), 29-45 (Kng). Glass and 

glass-ceramic campus, were studied for use in cuver coats on pressure 
vcssfels in the chem. industry. 'The glasses were alkali silicate type 
with nddns. of ZrO*. T 1 O 2 , AljO.j, and alk earth oxides 'The Li 

aluminosilicate type glasses have improved resistance to corrosion 
and thermal shock, abrasion, and impact.. 

99: 144819r Corrosion of enamel coatings in weakly acid 
solutions. Svetlov, V. A.; Perininov, A. A.; Bovkun, N. P. (USSR). 
Zh. Prikl. Khim. I Leningrad) 1983, 56(7), 1654-7 (Rush). 

"The corrosion resistance (OR) of TiCh-contg. and F-eontg. (B-free 
and low -B) enamels for utensils to citric acid [77-92-9] (pH 55.20) 
was studied by boiling for <96 h. 'The CR of all the enamels 
decreased with increasing pH. The corrosion rate of the Ti enamel 
increased with time, whereas that of F enamels increased with time 
at pH 2.5 and decreased at pH >2.5. 'The CR of the F enamels was 
higher than that of the Ti enamel. 

99: 144820j Raw materials for ceramic industry in Parana. 
Berg, Egon Antonio Torres (Lorenzetti Porcelana Ind. Parana S.A., 
83600 Campo Largo, Brazil). Cerarnica (Sac Paulo) 1981, 27(138), 
205-12 (Port). "The ceramic characteristics of 18 common brick 
clays, 10 plastic clays, 9 kaolins, and 14 talcs, and the chem. eompn. 
of most of these and several other ceramic raw materials (6 
quartzites, 2 pegmatites, 4 feldspars, and a serpentine) from the state 
of Parana, are reported. "The brown-to-red brick clays, suitable for 
making structural ceramics (bricks, tiles, tubes, floor planks, and 
panels) were extruded as 20.0 X 2.0 X 1.0 cm specimens and after, 
drying at 110° and calcination at 950°, tested for modulus of rupture, 
linear shrinkage, water absorption, apparent porosity, apparent d., 
ignition toss, and color. Similar data ore given for the plastic clays 
(dried at 110° and calcined at 1450°), kaolins (calcined at 1250 and 
1450°), and talcs [calcined at 1250°). The plastic clays and kaolins 
with ignition losses 4.8-19.9 wt.Yo, contained SiO-z 45.8-72.o, AljO.i 
7.14-37.6, FeaOa 0.08-4.11, Na?0 0.03-0.32, K-0 0.24-3.76, and 
generally <1 wt.% TiOx, CaO, and MgO. The rich deposits of talcs 
had ignition losses 4.52-15.5 wt.% and contained SiOz 46.15-65.3, 
Al.'Otf 0.09-16.8, FezOa 0.07-7.76, MgO 15.8-33.4, generally <0.1 of 
.\ji fc *G t K 2 O, and TiO>, and from traces to 14.0 wt % of CaO. 

J. S. Oicbowski 

99; 144821k Methods used for calculating the formulation and 
reformulation of sanitary barbotine cluys, and assessment of 
fundamental characteristics parameters (key indicators). Part 
II. Application to Brazilian ceramic raw materials. Cardoso, 
Sonia Regina F.; Angeleri, Frederica Biscaldi (Celite S/A, 01000 
Rao Paulo, Brazil). Ceramico (Sno Pnu/o) 1981, 27(140), 289-317 
tPorr.l. "The eompn. and characteristics of several Brazilian ceramic 
raw materials (8 clays, 5 kaolin-.. a phyllite, and a granite fi >m San 
Panto, Minas Gerais, Parana, ami Santa Cat. .nun! and ol 8 std. 
iMrnadal ions aial 25 relurmolal ums of sanitary ware Imdier (mscil mi 
{hem, are repmU-d 'I In rel«u I'liilal cil soldi r* ware Lubes 
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. Si,N v ««seicSlit (a; (b) Ztihk Y,0, 

VN-fn collet, 180CPC, 300-400 kg/cm*, 60 y h TV ' 

TIC.L 9 hmtKI&mZhZ. (b) Yy h y * = KJiVj si'jS&gfcfeAS- 

jfctiMiL, ' fttftt***** 82 kg/mm*, 130(fC t? 84 kg/mm‘ OWJfMt©i*V' Si^ST. ' 

jK^^C>nfc.'YA+LaA*lcoVN-c, 
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Hot-Pressed Silicon Nitride with Various Lanthanide 
Oxides as Sintering Additives 


i ... Kazuo UENO and Xasuo TOIBANA 

. • /Government Industrial Research Institute, Osaka\ 
VMidorigaoka 1-chome, lkeda-shi 563 / 


The effects of addition of various lanthanide' pxides and their mixture with YA on the 
sintering of Si,N 4 were investigated. The addition of simple and mixed lanthanide oxides 
promoted the densification of Si,N, in the hot-pressing at 1800°C under 300-400kg/cm* for 
60 min. The crystallization of yttrium- and lanthanide-silicon oxynitrides which was obser- 
ved in the sintered body containing yttrium-lanthanide mixed oxides as additive led to the 
formation of a highly refractory Si,N, ceramic having the bending strength of 82 and 84 kg/ 
mm 1 at room temperature and 1300°C, respectively. In Y,0,+ La : 0, system, a higher molar 
ratio of J-aA to YA gave a higher hardness and strength at high temperatures. It was 
found that 90 min was an optimum sintering time for the highest strength. 

[Received February 9, 1983] 

Key-words : Silicon nitride. Bending strength, Lanthanide oxide, Yttrium oxide. 
Crystallization of grain boundary 
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v/t% , Ol.82wt^, Fe0.007 Table 1. Densities, ^-type content, and crystalline phases 

wtS5, Ca 0.007wtS5, A1 <0.005 of silicon nitrides with various lanthanide oxides additives, 

wt#, MgO. 001 wt& X'b 5- 7 hot-pressed at 1800°C under 300 kg/cm J for 60min. 


V 9 - K ^JIJ <r> R (5 

99.935 OrtT 

Lanthanide 

oxide 

Density 

(9/rai 5 ) 

Apparent relative 
density <l) 

p-type 

<*) 

Crystalline phase 

eSffiT-fc 5. YA 14 KS 2 ;nn 
8535 fil±C0t»*T-&*. 

■ U 2°3 ; 

. 3.3B 

99.0 

80 . 

2Si _N. : La-0. , ta, (SiO.) ,N 
,34 2 3 . j 5 43 


M 2°3 

3.40 

98.7 

82 

. unkovn .* . • t 

*«■ 3fi?fi© Si.N, ROtgf/bfe 

Pr 6°n 

3.39 ’ 

99.0 

71 

unkown 

Sr**y x^yy®$gicAh,, r '. 

S "2°3 ,. 

3.44 ; 

99.4 

95 


/W5 4-T:-/Kci ys^s^- 054 • 

. Ea 2°3 

3.42 

98.8 

60 

f unkown , ‘ 

$.m ■ x^y-;u) Lfc. • 

GdjOj - 

3.31 

95.4 

95 •* 

•-•^uhkown 

*y h7-U^^I4, BN 

n, 4°7 

3.47 

99.4 

96 

unkown 

TrtBSr =>- h Lfc.mSSil 

' ■ ^2°3 

•3.29 

94.3 

97 



®rS : 20x40 mm) SrfflV', 2?& 


•\ is 


S3 .b.mwk • MJfflffi* 


91 [ 9 ] 1983 411 


imm 

VftL, 
i If. -a 

Z<0& 

■is<om 

tz. e 3 
- K 0.5 
ft. & 

asiHi 


Dy,0.) ! 

ttzL, 
uol35 ^ 

'-/iSi 
tt/c m‘, 

<0 P it . 
ill 

iyt>z 

me- 
.+1, <o 

, &&p i 

i 

i i 


Gd.o, SO Dy,o, Whim itz&ftm, m&fon 
^ffiftl4iif!A/T43>,’ffl#!fcl®l4 98—9935 Tfcofc. 
l ttfi' o x , 

ililC^J XkZZ.ktl'ft*. Si,N, <D trfflA'b PM.'' 
<omiki>ntf u £<r>wm%KX. <iliA/t>fo5, tefbJKi* 
lit? 80-9735 T-feofc. 7 V? = K®<bfel4 Si.N 4 %. 
py g * tEtt-U 1000° — 1650°C coffi/S Sr 6 
*££/£+*. 4feCfc®tUli?StH«6i^tcJ: 5 *>&{bSrii 
465”. *-y -b 7Vxl5lig+cO ME + 7^ ■>'•¥-» SJj£ 

If 1450° — 1600°C Ic4oV'TIMS*'+&£ 9, 1700°C Wifi 
*>6!&i£l£lt2it?g L, -to® 5~15 #T-+&lbl4#it+ 
5. r^iirll. 1600°C {MrT-f&tll^+E, 
S^iitytv'^JSftttieSr^Lrv'S. ctibnfoft 

SriiLT<o, a v&A'b p^nlfciktfmts.nytbZ 5*>. 

Mitomo S> <7)$Bia 1^ Jritif , Si,N 4 -SiO,-La,O t 
V'T 1650°~1750°C T-4C5 (2 Si,N ( - La,0,)-La,0» ft! 

(4, &2M&T- 

2Si„N 4 -La ! 0„ La,(SiO,),N SO*' 9 * *01::#®+ 
•5”. *9f5Elcl3V'T U.o, Srlfc^it tfc Si.N. + lc 
14, & <b cD$£(0 fcfc 5, 2Si,N 4 -LaA, La,(SiO.),N 
SO LaSiO z N **>?¥£ L+V'fc. LaSiO,N It 1400°- 
1500°C T-4fe^5t0T-fei^, cHli 1650°~1750°C X 

Si s N, fcglfcUT 2Si,N 4 -LaA . 

Wills b<om& u & $181+5.*, & 1 icip+J: ?lc, 
Sm.O, t Dy,0, SrS&SJfc + S*-?, M.O.-Si.N, SO 
M 4 Si,0,N,(M = Sm, Dy) <0 2£f!(£> silicon lanthanide 
oxynitride *Bi»jl?.ib btvZ>. Z<DltA'<Dl$£-IC 
+ + ■> + 4’ h7-f 

*s 2-5 fc'jlibftfcas citib<o+4fiy++ h74 Klc 
OV'+ttSFS£0!ia**<, #V- 7 <0|§J£»4X-t fr*>7 
fc. W±coJ: pic, 7 

LfcSi,N 4 «*#©»#«., 

tct.iL, 

1k<o®mitXWx&9, ?x*0©$#icx>v'Tt4«sig 

X^ftA'oft. 

Site#?!'*- KiftMfefcWrtU: LfcS'i,N 4 $*gfr 
to, giESO 1300°C + <7>[ftlf33i3?*7fc+. V'+ft'bg 
ia¥^5fiKli 80 kg/mm* £U;, #IC*0ft3gga'> 9935 &. 
±<0&lg#<Otmi t 90— 113kg/mm J t V' b iS5V'ilX'& 
5- 1300°C X-<Oim 14 . #<©«•&, g?i&f®4 D*0Sic 
ffi<, 50-60 kg/mm' X& 6. EuA£llW'Ji:+5i§£- 
m<Dmw<o¥ttm£x-h^tc. 

*•>&+ < fcV'C: *##5- 
Ecofa Pr,0„8!)^*^ia-C , l4Jiit?®^ 

Pr.O,, tt J: PilSattcoiHy'fil'WttlSr^CicD 
-C&6 5. aic, Eu,o,%^i4ffiia-?cDaiffi{g;T*'‘^ : 


Table 2. Bending strength ot room tempera- 
ture and 1300°C of hot-pressed silicon nitride 
with various lanthanide oxides additives. 


ox i >!«• 

Ju-nrtlng •tr«nqth 
rocn te»p, 

nr an BAX. 1 

< Vif/tm* 
1300*C 

ann 

) 

BAX . 

,J A ' 

104 

120 

52 

53 

llrl,O t 

in 

123 * 

56 

60 

• "A. 

90 

96 

64 

66 

r» 2 c, 

109 

127 

53 

54 

Ku,0 3 

9b 

99 

25 

2S 

• '•-’A 

fl? 

91 

S’ 

58 

Tb <0 , 

104 

122 

56 

58 

>7,0, 

an 

98 

53 

53 

LV'. tirfci 

Eu,0, 



LT#H?L^+<, T' < £feX$>Z><XX, 

f&omimc^xi,, mg 
40-5035 <05fiffi{ST*'‘fc5- t A' b, 7 >9- K*i?lJ 
MitVW fy<D?fctoX(t£.-f L ltm<o!ti6!,mtf££<ci± 
i &£t£V'ZbA>#-?tc. 

3.2 Y t o t +?>s>=.mittoi&&tom 

Si,N. ffi)gft:cDta#|giiMbS:ji*5fcJ6lc, 7>^ = 

K^fb^icaiic y,o, sr^x, mftMimmi t lx 
si«N 4 k*jdl, ft. y.o, « si»N 4 

SO SiO, tKft-L, ;a®^iolg 1 ftt0S:tii#lc^ fi jc+5 
OJ+tib-r, Ca J p A1 JiHcO^JjlB^^+^.fe-tCOiteA 
«i5S + l-llitPiiOm i Sr'lo»>. 

Wttii^Kflfi)tl4, Si,N 4 94mol35, Y.O, 3mol^, 
7^r?= mtm 3mol35 T?s>4. 3.1 
Pr s O u SO Tb 4 0, 14 2mol35 SO 3mol35 tl/l. 
gfC CeOj 14 6 mol 35 *P + S<OT'j. Si,N 4 91mol35, 

Y, 0, 3mol3> <0|a^t*5. 

m. 3 1C YjO, so 7 's9 - Kj mm (La.O„ CeO„ 
Nd,Q), Pr e O„, Sm,O t , Eu,0,, ■ Gd,O s , . Tb 4 0„ 
Dy s 0 4 , HojO,, Er 2 0|, Tm,0 4 i ^ b,O s ) Ityj i^J Sr 

^EfcSi^^^eo, *a$ 56®, ffiMffigSOg® 
t 130OC T-cOtftlf34®cO(fiS:7P+. gfc, 1300°Ct ?< 0 
§ig<o, ^?a?iis* 5 e><ofiT^tf)f-frT^+. 

^ia?figl4t@5f}S;^*‘ 9835 tUlT-fo^ff 90kg/mm» 
£1±T*&5. *0^®;g*l++JilTT'fo5t^a?Sgl4, 

4 <&btix\,'Z%Timkmgb<oMmtft^Ti&T+ 

Z. LA'L, DyzO, + HojO, 

lilf 9635 + , ^l4 90kg/mm , Ul 

±Sr^+- *HJt®gl4fhJf?&ffilcW+5ie®3fe^«oitT 

&Zt\ tffltfm&fcL, 3fttV'$*i&f8;fc*V't4tf 7* 

m'&rSLLX\>yZ<n>x, rtcosnaftJgffitt^ijfl-ofci. l 

M ; oT, ffi«S6gl4!fif.+ Ut^®lC£%©+5^7L©S 
ir«t3eic5ttj£:+5t<o-ei4<fV'. Dy.O, ^ Ho.O, &•£ 


412 Yogyo-Kyokai-Shi 91 [9] 1983 


K. UENO and Y. TOIBANA 84 


''' ' Table 3. Densities and 3-point bending strengths o{ Si,N t with Y,0, and lanthanide 
oxide additives. Si»N< : Y,0, : Ln t O|=94 : 3 : 3 mol#. Hot-pressing conditions : 180CPC- 
400kg/an’-60 min. 


Lanthanide 

oxide 

Density 
( g/ca 3 ) 

Apparent relative 
density (%) 

rocca 

mean 

3-polnt bonding strength Otg/raa 3 ) 
t€»p. <O rk ) l30 ° 9C{a ^0Q ) 

max. mean nax . 

°rt _ °1300 

°rt 

(') 


L »2°3 

3.31 

to 

CO 

O' 

101 

114 

66 

74 1 . 

34.7 

■ * 

CeO^ 

3.31 

98.3 

91 

102 

61 

66 

33.0 



3.30 

97.9 

94 

106 ‘ 

76 

80 • 

19.1 


* r 6°U . 

3.34 

99.7 

90 

93 

81 " 

83 

10.0 


Sn 2°3 

3.35 

99.2 

104 

iio'-" ? l - *• 

66 

66 

36.5 

*} 

Eu 2 ° 3 

3.2? 

96.7 

97 

99 

35 

42 

• 63.9 


M 2°J 

3.33 

98.5 

96 

104 

71 

77 •■ 

• 26.0 


. Tb 4°7 

3 : 4 1 

101.2 

101 

104 

69 

77 

* l 31.7 • 

- .■? 

( ^2°3 

3.25 

95.8 

91 

98 

62 

66 

31.9 


, H °2°3 . ' 

3.19 

93.0 

80 

83 

68 

’ 69 

*15.0 


• .1 * 

, ,, Er 2°3 

3.26 

95.6 

91 

96 

69 

73 

24.2 


, - ^2°3 •• 

3.18 

93.3 

73 

76 

61 

63 

16.4 


' Yh 2°3 

3.27 

95.6 

71 

79 

62 

77 

12.7 

* t 



?'>U§5 

1300°C Y t 0,+Eu,0, *£Bfc<*T-60— 

70kg/mm*t?2>P, 
jfflSiP 10-20 kg/mm 1 

mim t y,o, & & zzt ici 
o, 7 v* - mmt 

Si,N, 

• 1 2 Si,N 4 + liquid 

*♦ 2Si 5 N,- La.O a 4-Lai(SiO t ),N-f- glass 
lei VJf7xftZ±Fj!ii-Zt&'AA', Y,0, iciPJElcjfg 

S4IC, gBa*-** PEH£T?$fc*lc 
■ Table 4. Crystalline phases in hot-pressed 
silicon nitrides with Y,O s and lanthanide' 
oxide mixed additives. 


Lanthanide ' 
4 - oxide . 

Identified crystalline phases 
Yttrium-Si-O-N Lanthanlde-sl-O-H 


M, J, ii‘ 

2S fj"4-^2°3 

Ce0 2 

H, J 

cesiOjti 

s "j°) 

M, J, H 

Si 3 E 4 S "2 0 j' Sn 4 5l 2°, N 2 

^2° J ' 

J, Jf * 

% St 2°7 H 2 

‘ Sr 2°i '• 

M, J, H 

Si 3 t, 4 Er 2°3 ’ 

YbjOj 

M, J. H 

• 5l 3 N 4 Yb 2°J * 

M- Heiilite 

tyj* Vj 0 3 -st 3 N 4 , 

J- j-phaso tY Si.O.H,, 
4 2 7 2 


a- H-ph4s»(N-«patit«i ir 5 t5to 4 l 3 M • 


OV'T, Y-SirO-N 

y>f- h'&Jft-Si-O-N & b i> 1C#& L 

x V'fc. te©#-ffl*lc:i3V'Tt', Y*j®*tSi9 :✓* = 
K*IMM8te*bfr** t f- * mm***, 

■oft. ‘ ' ’ 

9»fiT45|4, g* 3 
i-i5lc 10-30# -rfcP, 

»Jt LfcS^-cD 40-50# ± P/hJV'. Pr.O n + Y,0, * 

10 # T-fcP, ftjfeitSI&tti&SfliV'S 
t L-T&ibft-CV'S Y,O t + AljO, Si,N, 

<ST^5 (g® - 1300°C) © 27—40# ”>i P t4'e? V'. • 
%<0 l£A><omofr<D%T't, 20# £1TT- 

feofc. filiioipis, Y s O, fc^^KSMW&trli 

5, J: 9§f!KH4©BSV' 

Si ( Nj KfeBfrfcftsctas-eSte. EuA-y.o, 

Srfflk' t Hfc P , t V' 

^R®TjS»ae.ikfcis cH»#ii£Lfci 5lc Eu.O, 
V^gfemcBlSi-Z b%x.t?h,Z. ■>■}■[• . •■•; 

3.3 il£8fj8J£lcfcl:f §il-g-ifc<0U« 
YA+5k8- FMI&riM&ffltrfflv'fc Si,N. 
ftaW&ttK&ftTfcP, iS5®t?ii5V'3igSr^-t-Ci:)i5 
3.2 Y,0, i7^= KKffc&S: 

ZtlZ'tl 3 mol# fo SijN 4 Kjfo&BLifcS^ICOktT 
T'S>5). La f O, 

$riSU ! , Y t 0,-La,0, SUcoV'T, SiJV« fc&+S®jn 
Y,0, b La.O, <n \ c i; lei' 


85 .biffn* • tatssyi. 
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y * 

c 'I Table 5. Effects of the ratio of the additives on densities-, strengths 

... . • i and hardness of Si,N ( ceramics. 


1 

i 

1 . - 1 

1 . _ 

Composition 

(nol %) 

Density 

Hpp«r«nt relative 


3-point bending 

strength 

(kg/mm 2 ) 

M 1c r ov lc k • r s ( kg/mm 2 ) 

J W- - .1 : 

'0 j 

I Mo. 

t 

sl A 

Y 0 

L, j0j 

(g/cn S ) 

density (%) 

room tcop. 

noo'c 


hardness 


"IW! 1 * , 

! ’ . _.. _ 





Bean 

max . 

m6an J j 

■ max.' 

■ B » ■ 

' 

s ! 









• • '* ! n i ? . 


If.- • 


1 . X 

96 

2 

2 

2 . 82 

65.7 

65 

69 

42 , 

,t 47 



1 - f-t-g 













• tj .tt 

2 

94 

6 

0 

3.04 

92.2 

50 

94 ’ 

\ 

46 

53 



. ... .,< j 

’ 3 

94 

4 

2 

3.11 

93.3 

84 

94 

53 

57 


' \ 


4 ^ 

' 94 

3 

3 

3.31 

98.6 

101" 

t : 

114 

66 f * 

74 

.!«*»»• i. ‘ 

. * ’ * * ’ 

■ -net-j "i 

5 

94 

2 ' 

4 

3.31 

98.1 

78 

81 

5S •■'•’ ' 

60 


f'\ . i •' 



*• 







. .* t'- 

*r , •• 

i * 

\ 'i • “ 

6 

94 

0 

6 

•3.38 

99.0 

104 

120 

52 

53 



• ‘-i~ ,,v. 








r 

• 1 5-.,' j 

t 

r 

; . •: ■• >: ■: 


-f.&w 

7 

92 ’■ 

5 

3 

.3.36 

99.1 

90 

. 104 

80 ' ' • ( 

CO 

' .1880 1 ' 

i 


8 

: 92' 

4 

4 

3.36 

98.4 

‘ 86 

98 

79* r ’ 

t 

'2190. 

. ; vj:». *i 

J,' 

9 

92 

3 

5 

3.37 

98.4 

t 

62 

* 90 

84 ’. 

90 1 '’'! 

(• 2270 

•' ;■ 

■>) Hi; 

» 10 

90 

5 

5 

3.39 

98.3. 

98 

108 • - 

1 

82 

« 11 .;c. 

. .• l04,-„ r . 

U i . « 

• 4.* »* 

« 1 .» •' • ‘ 

■ ( -V'V H 











1 

i * , >7 s i’'* " 

? 11 

. 85 

‘ 7.S 

7.5 

3.50 

97.2 

107 

113 

7S * 

\ »* f 

98 

" • ■ * 

* 

« .1 4 / 

12 , 

i 

80 

10 

10 

3.70 

9V 0 

76 

83 

71 

77 

' 



>N ‘ 

; *tr*5*:SW-. 

■ ,n„. ; I fSJjattli 6molfb U . 4mol5K EATOfifsjJBT-tt 


i 300 °c st-M : ITo<c^ Si,N,'#jg#iH#- 5 c:ia 5 

T?£5. 

Y.O, i La,0, ©iSfttfcfc^Sfc, 94mol& Rtf 
92 mo! 85 Si.N, <Offi%Vki>IC La.O, 


i 

1 


i 



, + YA* 
ta**V'3R 
■ N. 

o'j'cS-V'-’ • 

<?& EATT- 

vmzte 

.WSfeoBJi'' 

0 ,' 

'T^irv' 

ii < Eu,0, 
'•>'T n , 
' 1 . 

•yVttfir 

-f'C kd> 

(c-dv>-c 
' La,0, 
■•*-«*» 
: t tci’ 
r&WL 



' Si,N, ^ 94~90mol% WiKfflT-ii, 80~ 

100kg/mm 3 T?&P, ifMRtf 

V'i 5 £ It?) ft -5- fcfc'L, Y.O, fc'ttfc 6mol£0sin 
T«L<(f£V'. Y.O, ©^©j&inti^Sfc© Si,N, ©$ 

& (eft L x \t ■ x- b ® r k t'ft •* iz. 

-Jj, 1300°C -ecO$l£ « |)US;fc5iS))llt5M 

J^'C id s #ofc. i$5£ Si,N, -k 7 5 •> ^ * 

©i®iar-©§sa^ft:ttfir|fts©^fkici p®r-5©r-, 
5 * Yifgsttti 

&<ttZk%-xbtlZ. m\£ 6 mol# 

SinLfc^J: !) t, 8~10mol# 

ttiS5?§iif X-& 9 , ft * o fc. Y.O, : 

La,0, = 3:5mol# < , 1300 

°C icS«ST'^a©fSTii±<* <, trU6^L3SS 
-A*‘*< *ofc. Cft(iSi,N,Rtf;t©^IBlcfcS^*. 
e>ft5 SiO. RtXK)^JSSfl;fe©^7V^*‘«>5«iaicfo 

ft 15 mol 35 El±i:*?.i:iS5®^®liffiT1-5!8s Civ 

£l±©±5tc, & 

*aa*»tt¥Tf;:oa^lMBft»V' 5 £ tied: 9, 


k as#«. N7 I) 7^f 

hS! Y.O.-Si.N. ©ffiAii 1825°C° -CfeD, ’ J ft -. 

(Y,Si,0,N,) RtfHtS (Y,(SiO.),N) fiV'-fft<> 1700 \ . 

"C«Tt -MM-fZ 1 ”- -H, 2Si,N 4 -La,0, iHAOjK^ 

^ 2000°C »> ffc5rii'5, ± 9 BS»£©ig*iiS£ K 

V'*, La.O, ©Jfclpd5Kv'*«i'»SRH4iiliS5 K 

V'i:%x.C>ft;£>. La,0,J» s ^V'*liHiS5V'. 

La.O, ^pv^ikwmm^, < , *fc3SV'*fcJMailMM» :■ 

?>ft Set grange LT>' 5. ,, 

3.4 jftllttMaaamttrai?* t. 

3.3 mvvfgmwmmz eo #k l xmzi><» j 

■C-35 5. tSiPofeiifbRJCSrJ: 
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Il.'f III] i £ il & ti h i . Tsuge oil, Y.O. -AI.O, 
Si.N, (OtiLW'tfiMiitZmibZItib, MESfetfiflU 
Si,N, tiM&Z N, 1700°C f 

1 AIN mt^y K'l'-Cjill^LTV'i' 01 . 

Y ,0, 4 mol % , La,0, 4mol3f LT, 1800 

°C, 400 kg/cm’ T 15, 30, 60, 90^|ll]d-.y hy'ux L, 
SiaN, :#fc. v*Tft tlil£3S£lc*>5?HkLTV' 
fc. & 6 1300°C 

Tpi". 

1300°C T-co3Mt, mS^RO^gi-'lJi: 

igV'. ictus 

LT-^ffiV'^, 1300°C lcM5ST-3M(0{ar^V'. 

XJ&Eflr Wt, 15#|lS](D)ft!i±&Tt Y,O t -Si,N„ 
2Si,N 4 -La t O, G, &jjg 

<**. si,N 4 <r> a mt'b p 15 #m 

j&WX’htffo 5096, 60 Wm±X- 80-90 % X ’bolt. 

■ &&&&&#* 9 

P 4MSJ: 9jItffc*T&6 ?. H5®®g 

flfi> G . ®H»#.©iflSH !ft#£ to ^ : ^Sr#5 let* 90 

4. » Ift 

s;,n 4 <r>mii\cR\i+ftm?>9 -mimmmM 
m t, 13 w&vmim k 

Y,0, 

jftttfttt-tt 1800”C, 300-400 kg/cm*, 60 #fc.Lfc, 

fc©*MW s »feftfc- 

( 1 ) 8i««?^sF Kffcfe (La.O, , Nd,O a . 

Pr.O,,, Srn.O,; EujOg, Gd,0,, Tb,0„ Dy,O a ) &VJ) 

sjiL-c 6moi^ (?:✓* = Kjcsttaa) mv+stm 
f»lfglg|±gitT 80-110 
kg/ram*, 1300°C T 50-60 kg/mm 1 X&olt. j&jgft 


+ (Cli7 - I'-Si-O-N ^fq'iiiMlI/;' |Y/f: LTV' fc. 

(2) 13 flRSio ? V 9 - (U.O., CeO,, 

Nd,O a , Pr.O,,, Srn.O,, liu,0,, Gd,0„ Tb 4 O t , Dy,0„ 
IIoA, Er,0„ Tm,0„ Yb,0,) left 7 Y,0, Srfll7>/> 
b-Br/tBIfl-Wb’Pl^T-li, limxnw&vfiltti' y>9=- 

9&4c'>L fc. Jftigftiflctt 

4 v h 'j 7y?= K&opi •> y => i-®®? ftrf&JS 

rAiteiWitnas 1 1 ic4;i£i-5 c t ic i 9 

(3) YA+LaAMJCoV't, aaSsiOfiSTF 

Y,0,/La a 0, * 

iDfiSr^®1*5ci:lc J: 9, H?&a*G 1300°C ST- 80 
kg/mm* 

(4) «limiSO®Slc*ft5^SS:'pi-ifcife*,-90 

9Stif5v'iaia®g (1300“C xm 100kg/ 
mm*) fi*'$btl1Z. 
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